Theoretical Analysis on Marangoni-driven Cavity Formation in Ice during In-situ Burning of Oil Spills in Ice-infested Waters -Paper Number IN43D-0096 by Farahani, Hamed Farmahini et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Apr 10, 2018
Theoretical Analysis on Marangoni-driven Cavity Formation in Ice during In-situ
Burning of Oil Spills in Ice-infested Waters -Paper Number IN43D-0096
Farahani, Hamed Farmahini ; Jomaas, Grunde; Rangwala, Ali S.
Publication date:
2017
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Farahani, H. F., Jomaas, G., & Rangwala, A. S. (2017). Theoretical Analysis on Marangoni-driven Cavity
Formation in Ice during In-situ Burning of Oil Spills in Ice-infested Waters -Paper Number IN43D-0096. Poster
session presented at 2017 AGU Fall Meeting, New Orleans, United States.
Hamed F. Farahani a, Grunde Jomaas b,c, Ali S. Rangwala a
a Department of Fire Protection Engineering, Worcester Polytechnic Institute, Worcester, MA 01609, USA  E-mail: ffarahani.hamed@gmail.com
b Department of Civil Engineering, Technical University of Denmark (DTU), 2800 Kgs. Lyngby, Denmark
c BRE Centre for Fire Safety Engineering, University of Edinburgh, Edinburgh, EH9 3FG, United Kingdom
Theoretical Analysis on Marangoni-driven Cavity Formation in Ice during 
In-situ Burning of Oil Spills in Ice-infested Waters - Paper Number IN43D-0096
Motivation 
Cleanup of oil spills in the Arctic
Lateral Cavity Problem
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Conclusions
1- The analysis considered the different physical aspects of the lateral cavity problem 
including the heat feedback from the flame to fuel surface, the convective transfer toward 
the ice, and the melting energy continuity of the ice wall. 
2- The scaling of this problem has provided a predictive tool to estimate the intrusion length 
of lateral cavity problem which will be useful in evaluating the success of ISB operation.  
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Figure 1. Different oil-in-ice situations 
Figure 3. Cavity formation and the mechanisms that are involved. 
The available experimental data showing the intrusion length of oil in different studies were 
collected. The scaling correlation was adjusted to experimental data using least square 
regression method.
In situ burning as an effective and practical 
method for cleanup
Figure 2. Burning of oil in pack ice. 
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To develop a scaling model of the ice melting that occurs during in-situ burning.
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Figure 4. Examples of lateral cavity formation a) n-octane burning in a 10 cm 
square tray with an ice wall on the side , b) ANS crude oil burning in an ice 
channel of 60 by 16 cm, c) ANS crude oil burning in a 100 cm square. 
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are the dimensionless numbers associated with the
ice melting problem.
Order of magnitude scaling Cavity intrusion length
Assumptions
1- Flame feedback may be quantified with pool fire
diameter as shown in Equation 1.
2- Coordinate system is attached to the tip of the melting
front which advances to the right with velocity U = L/t.
3- Intrusion layer is slender with thickness of 𝛿<<L.
4- Liquid is assumed Newtonian with constant properties
and a simplified form of momentum equations.
5- Marangoni is assumed to be the driving force of liquid
therefore the boundary condition on the top surface of
the liquid layer is considered for scaling. 5- Energy
conservation for the melting interface may be written by
Equation 3.
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Assessment of Scaling
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Final Correlation:
Figure 5. Comparison of the scaling analysis with experimental data.
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